ate, based on changes in the plant's metabolism which follow its application, has been suggested (15, 18) , but a knowledge of the metabolism of the stimulant itself, and of its localization, or that of its derivatives, during the period of stimulation, is doubtless necessary for a complete understanding of its mode of action.
That the leaf is an important locus of stimulation by naphthenates, and the photosynthetic processes are sensitive to their influence, are suggested by the increased chloroplast pigment content (1, 17) , stimulated rates of over-all photosynthesis (1, 2, 6) , increased activity of the carboxylases of ribulose diP and phosphoenolpyruvate, and a fall in the CO2 compensation point value (15) which have been reported to follow the foliar application of naphthenate. The investigations to be described, using both unlabeled and 4C-labeled forms of CHC, dealt with the sequence of appearance of CHC metabolites (conjugates) in the treated leaf of bush bean, Phaseolus vulgaris L., cv. Top Crop; their distribution in the plant at various intervals after application of CHC to the leaf; and factors affecting the export of the acid or conjugates from the treated leaf. Although the results obtained were specifically those which followed CHC application, they doubtless occur when the complete naphthenic acid mixture, of which CHC is a part, is used.
MATERIALS AND METHODS
Growth of Plants. Bush beans, P. vulgaris L. cv. Top Crop, were grown in wet vermiculite for the short term experiment "Appearance of metabolites in the treated leaf," and in composted soil for other experiments. Seedlings were thinned to one/15-cm pot.
The plants were grown in a controlled environment room fitted with cool white fluorescent and incandescent lamps which provided an intensity of 16.1 klx (1,500 ft-c) at the top of the plants. The At the end of each of these four time periods, two of the plants were divided into treated primary leaves, trifoliate leaves, stems, flower buds-flowers-pods, and roots.
The plant parts were processed for the preparation of autoradiographs as described in the previous section. The total activity in each extract was determined. The values were corrected for color quenching by the use of scintillation fluid to which CHC* had been added to give a graduated series of standards, each member of which contained the amount of extract of unlabeled plant parts to give the same absorbance at 660 nm as that of the radioactive extract.
Activity in the ethanol-insoluble residue of the plant organs was determined at the end of the 1-, 2-, 3-, and 4-week intervals following application of CHC*. The various residues were ground to a fine powder in a mortar and a known weight of each powder was suspended in the scintillation solution by the use of a thixotropic gel, Cab-O-Sil (12 Figure 1 .
The graphs of the percentage CHC* and CHC*-G during the interval 1 min to 4 hr suggest a precursor-product relationship, The increase in Y, which occurred simultaneously with the decrease of CHC*-G, suggests that Y may also be a metabolite of CHC, derived from CHC*-G. It is possible that it could have been a non-CHC compound which had become radioactive by the incorporation of 14CO2 originating from the decarboxylation of CHC*.
The formation of glucose conjugates of IAA, BA, and NAA, and the aspartic acid conjugates of IAA, BA, NAA, and 2,4-D has been known for some time, but the conjugates of glucose and aspartic acid with CHC were only recently reported (11) . The sequence, CHC-G followed by CHC-A, reported in this paper, was the same as that observed with the conjugates of IAA by Zenk (19) .
Distribution of CHC* and Its Metabolites in the Organs of the Plant. The mean values of radioactivity in the organs of plants to which CHC* had been applied are given in Table I . Activity was detected in the leaf 1 min after the application of CHC* and was still confined to the leaf at the end of the first hr. By the 12th hr it had moved throughout the plant. Of the total activity contained by the plants at that time, 53.3 nanoCi, 76.7% remained in the treated leaf, 20.2% was in the stem, 1.9% in the root, and 1.2% in the untreated primary leaf. Twenty-four hr after CHC* application, the mean total activity contained by the plants had increased to 123.1 nanoCi, but little change in percentage distribution among the organs occurred.
Assays 1, 2, 3, and 4 weeks after CHC* application to each of the primary leaves showed that the average total activity/plant 17.8, 12.3, 13.7 , and 20.9 nanoCi, respectively. In other words, 3.7, 2.5, 2.7, and 4.2%, respectively, of the total of 0.5 mCi originally applied to the surface of the two primary leaves was contained by the plants at the four times of measurement. The pattern of activity distribution during the 4-week period, viz. treated leaves, 65.3; roots, 18.8; stem, 7.7; trifoliate leaves, 5.9; flower buds-flowers-pods, 2.3, was that established by the end of the 1st week. Radiochromatographic analyses at the end of the 12-and 24-hr periods detected CHC*-G, CHC*-A, and Y in treated leaves and stems, but only trace amounts of the conjugates in roots. Discrete spots were not evident in chromatograms of the untreated primary leaf extract. In the 1-, 2-, 3-, and 4-week assays, CHC*-G was the most prominent metabolite in all organs, while the aspartate conjugate was detected in treated leaves and in roots. CHC*-A was also present in trifoliate leaves, stems, and flower buds-flowers-pods 2 weeks after CHC* application. Radiograms run in the BAW system showed no free CHC* in any organ.
In a number of the radiochromatograms, e.g. those of the treated leaf and of the stem, spots were observed between Y and CHC*-A. Their RF values suggest that these radioactive metabolites may correspond to the peptide conjugates of CHC obtained by Severson (10) .
Activity in the ethanol-insoluble plant residues ranged from 0.05 to 0.08 nanoCi/plant. This represented 0.4% or less of the activity in the ethanol-soluble fraction. The translocation of 2,4-D out of leaves to which it had been applied has been shown to be dependent on light (9) or the presence of sugars which can be metabolized to produce ATP (7, 9, 13) . The translocation of the metabolites of CHC would also appear to be dependent on ATP, available from photosynthesis and respiration in light-plants, and in lesser amounts from metabolism of glucose supplied to plants grown in the dark.
The fact that the glucose and aspartate conjugates were present in extracts of dark-grown plants fed only aspartate or water, indicated that although the plants had been deprived of light for more than 72 hr, they had not been totally freed of sugars.
The presence of free CHC in the leaves of dark-grown plants is of interest. In the glucose-plants, only traces of the acid were observed, whereas much larger amounts were present in the 25 leaves fed aspartate or water. Some factor(s) involved in the mechanism of conjugate formation apparently was in short supply-
The experiments described in this paper show that CHC entered the leaf immediately after its application to the leaf surface. The formation of its glucose and aspartate conjugates followed in minutes. Only the conjugates were subsequently detected in the stem and other organs of the plant. This suggests that after their formation in the leaf, the conjugates move into the stem and thence, basipetally and acropetally, to roots and shoot. Severson (10) also observed the presence of CHC*-G and CHC*-A, but the concurrent absence of free CHC* in the stem, leaf blades, and cut stem exudate 6 hr after feeding CHC* to bush bean plants via the roots. He concluded that after their synthesis in root tissues the conjugates were translocated acropetally to the aerial portion of the plant. It would seem, therefore, that unlike the situation with IAA, one or both of the glucose and aspartate conjugates of CHC, rather than the free acid, may be involved in growth stimulation.
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